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(54) SEMICONDUCTOR DEVICE EQUIPPED WITH INSULATING FILM HAVING HIGH 
DIELECTRIC CONSTANT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a gate insulating 
film having a thin equivalent oxideHilm thickness(EOT) 
and a smooth surface in a semiconductor device having 
a high dielectric insulating film (high-K). 
SOLUTION: When diffusion preventing films exist in both 
the upper and lower interfaces of the high-K film, the 
physical film thickness of the high-K film must be 
adjusted to 2.4-5.0 nm. When a diffusion preventing film 
exists in either the upper or lower interface, the physical om^ 
film thickness must be adjusted to 2.8-5.0 nm. When no 
diffusion preventing film exists in both the upper and 
lower interfaces, the physical film thickness must be 
adjusted to 3.2-5.0 nm. In addition, when a silicon nitride 
film exists as a diffusion preventing film in the interface 
between the high-K film and a silicon substrate, and a 
nitrogen-containing diffusion preventing film exists in the 
interface between the high-K film and an electrode, an 
ideal stable EOT and a low leakage current 
characteristic can be realized by adjusting the EOT to > 
0.7 nm. 
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jntctifti. ( 6 ) S&tt&ti^tc. j&KbPjett* 

[0 04 5] l^JTS i 0,I$/di 

s i oNjgr— iftwtc^e.nr^/cfflisjittsftt). 

a<rtt#«B«C*»*aOT. H i srh -KiBmwcEsy? 

H!W8OT*»«: E O T*JSSiUI*>6^# <^Ci 

[0 04 6] — ^. I TR S (International Technol 
oqy Roadmap for Semiconductors, 1999 Edition) 
©1 2 4^-i^©^3 4 aKfEtS3*VCt,>&J:5K:. 2 
0 0 5i£©l 0 0 nm>- KCMOStCteC^T. g3}<3 
*l£EOTttl. 0~1. 5nm-C$>K>, $/cS*3n 
4EOT©*H4B±4«JJlrtr*5. Ch6©» 
^^^i'^gfS^.Si. S3E-C*>oWliEOT*3|i^-r 



(6) 

9 

&H i eh-K«*»fiW4Ci39«^';3>LS I y'n 
•9. 04© (3) r^OfcBWI^SflUWil±©JSR«* 

mmmznm l . i^s© eot zmm-f zct #&m t 
a*. 

[0047 ] ^K. 

5~H7**JHLte**6»L<0tc8iWi-i. 05(C*j 

<9 . ajfj©^- 1 ©tt**5vr . mmmm io 

2. 4nm©BBJlugl9KJ*««t£. JKKEOT^ftftK: 
*WH!OTt> < «GJS:S*T. ^3 1 tt±T©J?M«:ffi 

tU»jfcM*XMKU-ci>&©r. *-fT/3 2£tk«L«Ti3i 
DfeiiMii-f -£©#}& sam >eot flwtc&g L/ r t» 

[0048] laoKfc^r. tL£mwf-z»m3-c 

bX^< tEOT&mMfi<£.WJ>VX^< 2. 8n 20 
m©BWWMIW*«:*«:. a»tCEOT3&Jfil»K:fl»3!niOr 

[0 0 4 9 ] mit<cto^-c. i^icf-^Bia-c^i 

fc*-Y7 p 3 3©<6**SiVS-. ±T©WffiGCffit&|!;5±J@i£ 
JgfiSl/«Ct>*i^«:B. WUUI«9< l/tl><iEOT 
#B3ftfa«:ilfcJ>L-t: 3. 2 n m©E£aJ¥!|5lSfllJ? 

«r*tc. a»(CE OT36J«*«C*»ftlU"Cl»< «isj*svr. 
[0 05 0] 0 5~07^Lfc?l®lil&lll&C:tet> 

r. ISlD^IilMJ^tC^t-r-SEOT©^^^^*^ PDA 

©jag*5«fcO'rS^b©?aS^«:J;Si5S ; &^L'-c^.5.o 30 

&EOT©;<7-;>=HJ«&/jNSWfi£;r;U I35~~IS7 

BW«fc»)*< l/fc»£. HBfcW£tfcOT£*i6WTb* 
3§l!«KEOT*tftJnrr IWr^3Mi 
^1*3 5C*$ C » T E O T ©' N' ^ y * £ < ft 0 MWFie 

d©/cj?>. gtmmm'&ammmm^iKf 

[005 1 J ycK. CVD-H f O.SrfSJgLfcfg©:/ 
a-te^tcoivcBWj-i. PDAtfO«BBHR. Pol 40 
y - S i f£itB#©3£# P V D©^ £;Hig* 

©«B»t**»J: P o 1 y - S i H£r£tt<bTrST~- 

^*©^aK^©KS«c«fco-c. ^p-fe^>t>©#H^ 

*6Hf O.MKMJRa&JffiK-rs C £ €:3E^ «:!»<• C t 
'tt#ft(CMLIr». «»ftN,*«!ilt()Ppm*-y 
-O^S13R*s*D . r/PHs*©*HIl$M**«-r* £ 

afflccm*3*i*M*<o«t3*ita"c*i5ci». *fc. Po 

1 y-S i ©r§1*fl:T--.«>Ttt9 0 0~ 1 0 0 0*C© 

p d A*if o fcfs. i y h y i<*:«Jifflt 50 
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mifi&zmmimmmj:*) t>mi>t, m 

©S i O l ZBl8.LXL$.'!>. C©t§£\ iftCEOT 
0 nmiC^S«©M{C*tL.T. 0. £fcnm©ffi 

©*ifln«> EOTi bx$m o%nm.<Dmm*mmh. 

H i gh -KB£0TH3MhN&IB!H-C&a. C©«fc3 
lcS&gK5B©H8?«: mbX^iLZt, g tttf«B*> 

[0 0 5 2] Lfc*5-?T t S£l/tEOT%«|jlt4/c 

»tc tt. (dutfft©«ra0u*tc jmn^mjv&sot 
tit u/ci&eigJ:-c!gssm©*J«< b£ jito/cJS^ic . 

^«ctt«Lt>3«Jfc*JflB*©H i S h -KBg-Cll£?$ 

n. a*«*©*i*£aL>Ti!gjS£mfflL.fc£ftK:. -e 

[0 05 3] Jy±©*§lfi#>6. ^-/^31 tt±#E£T 

/?«2. 4nmRbMT*5. S/c. £ 7' 3 2 f i_h 
4> U < «TJ?E i' % 6 *»— ^(cffiUtRftjkil*** * « 

fc. ^-Y7-3 3«±WEiTI?Mi'%6K:^K;tjtKi±M 
*«ttl»«l^-C*-»"C. W>mmmi*3. 2nmJW±£>S-C 

[0 054] (Wl ©XfflgflHD 2 ) ttrj£©BKMl99fil 
Jl©lftBJtC}JD^ . ^©i§W^llIJiJ?©Btr^-C©E OTi 
y-^HS£«ftt©ffiBB«:-ot»-C, I38~0 1 2«r#flSL. 
a3W63 6ici»|8-r4. S8~01 2«, E OTtcS^T 
5y- h«EE*i- 1 Vr©y-^mzJS?r^L/. H3(Ct^ 

[0 0 5 5] l«±^MiTI?Bi-%e»K:4 5 }£ 

9 «:^-r„ High- KM©M««^^(cr«( > »«^« > 
7-D42X^Eg©^tii*-®^K: J: »? S i Sfiffi-CMfbAS 
Sac<9, $^7"3 1 *>6^^7"3 2icmt?Z>tz.?>ifi 

mtp<D£M-emLX$>&. ^©EOTBi^O. 
7nm?*?>. Ltci)i-?X, EOTO0. 7nm£LhT 
y - *S88iEjJS 10- ! A/c m'JitTW^tt^TSTy 

- h tmmz&m-r z c i *t. jw? * y f 

^T©-CM*Ut>. cn«^©«SH-C». |B]DEOT«: 
[0 0 5 6] ^-/7 , 3 2«±SIiK«Tffii*^6 

t i n/a i «*«fflOfc»£©y-**»<Btt*ig i 

OtCin-r. «/h©EOT«i^0. 8nmt45. U/c*5 
^t, EOT*i0. 8nm«±T*oi]-^SS*ilO 
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ftj£W©«H"ctt. imcEOTtcfcc^rfc^stcm^; 

[005 7] *fc. ^-f^'3 2-cy-h«©K:Po 1 y 
- S i Jg=&<gffl Lfc*§£-© 'J - ^SSS«Ftt«rS 1 1 Vim 
r. Hi sh-K*©«W*s*««:»»r»*B^B. ^"n-b 
XiSH©*&&*BKS<c J: t) S i SfKflrcBHbPiec io 
9. £^:7 - 3 2*>6£^:73 3K^tt-£tC6#£> 
•3. ^©^Jre^l/T**,, ^©EOTBi^l • 1 
nm«5. Lfc^-^T. EOT#l. InmJMiT* 
o>;-i7^*S5x l O-'A/cm'&T©^*^*" 
KMtfflt*«IB-r -5 C gfrtj; y - *«ijfEfttt 
*Sx-T©"Ca* Lt>. C*ltW©*6B-C«. PIDEOT 

l/TB^jStfrC*'), 3!fl.££^c|UDEOT-C#.&<t 

[0 0 5 8 ] £-f y'3 3 B±J?®£TWM£ 20 

12SC?jVr. &/h©EOTB#>Jl . 6nm-?*S. L-fc 
Aiot, EOT^l. 6 n mti±-C*i-5 "J - d7«SS36i 1 

o- j A/cm'trF©<itft£7F-ry- htttm^^r 

cnJM^©®H-C«. P)DEOTKi5C^fc^fKill> 

[o o 5 9 ] )iX±.<o^^t^>xmmth. 30 

f«fc5K:. EOTCC#^£ V-^*^©$^£IJSK/c& 
JH. S iS«fflO{c*>SSfJtc4>ffi;tStlW±^«:ffl^ 

^©*^:73 3-CB. PJOEOTtCjFtb-Cfcoifcy- 
S i mmt High- KJ»©|?MCC S i 
ftffc«*ttf«»imfcffil»fcflte. *fct*H igh-K 
iiy- hSffi©lf®{c^SR^W®©fi£t5(l!S±M*ffiO 
fciI-£©£ 2-CB> iHjDEOTtC^tLTy-^m 

«d»jtBi*m>fc*»^©*'f^3 its. 

1 0 0 6 0 ] g . xsmom 1 ©wfeffj.#.«:*5u 
■c. s i wfct High- Km<ommvz s i (.m 
iut&mm) *»63tt4ata»±ei*«i¥aEu. *oh . gh 

«t*»«CVD-H f O.JI (SSSfttfiitni) 
*>6 ft 5J£t5JB5JhM*i#ffi-r &«£(c B. EOT»0. 
7nmW±T, J&oigjJI&JlB 2 . 4nmt(it*5H 
i gh-KJg&Srffl^SCittiO. SSWcEOTil 
»<c - jrttZfctttttJBTC* So 

[0 06 1 ] Si WSLt High- KI<D|?I(C 50 
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•r. High-Klty- MiO^IKtfiMT 
JCVD-Hf 0,J1 (gsfS^Tl&liJi) 
l»±JBl*J?ME-r4*»*K:B, EOTAS0. 8nm«_h 
■C. *>o«HlgW[*J 2 . 8 n mJW±-C*£ H igh-K 
JBtSffll^SCitCtO. SSlfcEOTtljifft'J-i' 

[0 06 2] $/c, H i gh-KJKty- hSffi©J?ffi 
KlMMt?>CVD-Hf O.JI (fflRStt&tt 

ji) *»&scsut«is±ii3W»eE-er. s i s«iH i g 

h-KJJl©flWcS i BfbM (flMtttlUR) j&»6&41£ 
«d»JlJI*JfiPfiE-r**»^«:tt. EOTaHl. lnmJ-jll 
"C. *>o«BfflW»*J 2 . 8 n m«±T* S H i g h - K 

mzm^zzt &mi,tcE ot ta&itv-* 

[0 0 6 3] S/c. S iSfitH i g h - KBi©!?^ 
S i9Ht« (SMbfttMI) frZ*&mttij±Mifi1ftEii 
r. Hi gh-Kiiy- h*«©Wil«:fflR**«r 
5CVD-Hf O.JI (ffiRdfflfilM) fi-&&Stttt 
B5±jgW?£t,fcUS§£K:. EOT#l. 6nm«_h 
■C. *>-3!BjilJgJ?*s 3 . 2 n maiT* <£>H i g h - K 

[0 064] jeut© <fc 5 tc^iMii©* i <Dnm&mtcto 

l»T, Bfje©B*«fflWWJUi'C. BFf5e©EOT«±-C 
*45TO«*»IMB*ffl^*Ci«:«t»). EOT*fflffl 
Wftffl«c»-C#. $£OfcEOT 

[0065] (m2(ommm) «t> *»!&©# 2 © 

[ 0 0 6 6 ] 0 1 3 K.*Jt»T. fiU^O&IIfiWtCtt-r 
*JBfflHaSMMR (A FM) KJ:4«l77*^ (Surf 
ace Roughness) ©fit (JklT. RMS) SrT^bfc. dig} 
bu©S i StS©RMS«0. 1 5 nm*fjjrc*&. 

tt. ii8!att ; §r2 0 0-5 0 0*CtC^^.fc«5H. *J«fcC/ 
JjSK^©jB^»*»BEIt* 0-9 0 XKttX.ldHBPi'C 

[0 06 7] C©«fce>ft^B7 7 4 > -^©*-5.*at*MKS 
ftZM-ftctif, y- H6IWJI©»t»W»-CBmWllit>«r 

(c b, M97*^t (ga-r s t^s*i a ■& o 

[0068] S/c, ITRS (International Techno! 
ogy Roachiap for Semiconductors, 1999 Edition) 
Ol 19t-yog3 3a4#lt5i, 2 00 5^0 
lOOnmCMOSl/^m y-h*6SMSiO 
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*SS#S*VCI>& ( 1 2 [L] *# 

[0 0 6 9 ] ^mM^rnxLtcmmmmmmibmnm 

EOT*aH»CC»J|[-r4i. RMS£#jO. 3 n m«T 
iCt^Ci^g^n^, C(D/c^ RMS£0. 3n 

[0 07 0] «±©J: **M©»2 ©HJSJBftk: 
tet^T, ttiR«»5. 0nm'jMTT*4i*SWI*»JH 

[ 0 0 7 1 ] ft*. i 4»2 0SlitJBJ«r^ 

ftE&JtH^ftSJa^TAor, *B5S1RJI#2. 4nm« 
±"C5. 0 nm«TOliSH^5-C*4 0 £fc v 
3 2 «±WM4> 1/ < ttTlHi H ^ ^fcttftBKitJi 
WS^tiot, «93BU*tf2. 8nma±r5. 
0nm«T©II^t*-5 o ^-f^3 3tt± 

<h T^S £ % 6 K fcttti^ jbBbW tt l^^r & o 
r, %mmOL&3. 2nm«lT5. 0nm«TOi5H 

[0 0 7 2 ] *^?8(D» 1 i»20HftJg»{C*j 

^t, SilgiCVD-HfO, I(Z)^IiC S i Iffc 

«*6a*JM»jtii*»fltr*i5ffiBt % nh 3 , no 

[0 0 7 3] CVD-HfO,iiy-fWO 

ffn^9DRd««aMi^ e> a e ffi»i»jh« t jrisw * * 

MSMttCCVD-H f o,i@Ml 

*/c«, B***t*#**»JnLfcA r^i?*tcj:? 
^yr-rfirjU (TiNMTaNf) 

ajjibskkc, as&wtccvD-H f o 2 m<D±m$iwm 
vd-h f OzMzmmrzmmffiicmiZ^isrtx 

(HfN^Z r N») **8IUfc», HMMMlfcl, 

as*:, cvD-Hf o 2 ja**a^T^^gp^ 

Lxi>J:i,> 0 

[0 0 7 5] fcfc, KBS««KtKflt«H f 0,*fflt»T 
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[0 07 6]*fc % HfO.aojKfiRtCBSflecDHfV 
(C 16 H 36 Hf 0 4 ) *ffll>fc**, «T©*m*ffl 

wcitrss. cvDmxmm?&m'&t f a l z > td 

E A H ( Tetraki s di ethyl ami do haf ni urru fF7^ 
^X^7$F^7--JA, CnHoN.Hf), T 
DMAH (Tetrakis dimethylamino hafnium, f- h 5 
*rA*sJ*)]sT 5 C 8 H 24 N 4 H f ) % 

10 cfcC/Hf (MMP) « (Tetrakis l-Methoxy-2-fnethyl- 
2-propoxy hafnium, f F7 + ^U 2 
7 , n^^7-^A, Hf [OC (CH 3 ) 2 CH 2 0 
CH a ] 4 ) *1&m'?2>C±&X$& 0 £/c. UttV-X 
(WAKHf (N0 3 ) 4 ) fcttflrr*C£#-CS4. S 
6tt, PVDffir*t»T**B^K:ra, j^v^a (H 

4/B t>T JgfltT & C 4 i>X £ 2> . 

[0077] ? etc, e^aawtcwr-BEOT©* 
h i sh-Kwi<om9n(omst}tMttm(cMt> 

<hZr0 2 tWcD, 0M.tfTiO a . Ta 2 O s , La 
2 0 3 , Ce0 2 , A 1 2 0 3 , BSTf$WiCtie>C!)3 
TcRBtfbiB (W*tf, Hf x Al v 0 2 ) 4 36&ctn6 

[ o o 7 8 ] *»Mc«J6jBttK:*iir, tt&tt 

$««I©iI^^t»lL/cf|, TaN, Al % R 
u, RuO^/diCneW^CS i ^/dJGe^i 
30 iftcttmxhJ:^ 
[0 0 7 9] 

«±BMBUfc«fc 5 tC, 1 
*k»«Ccfcl»r, S i StSiH i erh-KM^Wc^ 

Kmtnmconwic umm^m&mm^^tj: zmm± 
mm j mmmmm*mi>z>z±ic£L eot*sl«w«c 

40 [0 08 0 ]^fc *«M©*2©3liBKMKc*5(,ir, 

«i«i*J5. on mixrxihz^mmmmmm*m^ 
zc tic**), ^ummzmrz?- hmmm^m 

[H 1 ] SE*W<0H i h »K«*WrS¥3W*««© 

[12] i <D*ife^9iccegfe-5>¥^^scD 

[03] *lfeBJ<Dm 1 <DHMJ&«&CMfo£y- hfSilcD 
50 3 ^-Y^'CDIftBJS 
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[H4 ] ##6w©fl* i conmmmicmfrzwmmmt e 
[0 5] *xb<z>* i <Dmmmic*s^ximm±mv 

lTOJMK*4»^t?®WUW4 E 0 T©tSW0 
[06 ] #&Bj©Sf 1 ©Hi©KSlK:*5t»-rJ£t5{B5±Jg*5 
K*©3*ffi©*K*atB£-C©»fflW*£ E OTCflM 

[07 ] *^bj©^ i ©sEjeg»K*5i»ra»i»±«*« 
±T©i?B«:tti»tg^-c©^aj^/?i e o 7<Dmmm 
[08] *^Bj©m i <Dmm&mtcmt>z eot «:»■$■ 

[0 9] *^BJCD^ 1 ©HiS^SgKMfcS * -Y 7*3 1 © 
E O T(c*tT S 'J - *«SE©#140 

[010] *^Bj©m i <b9m&micmt>2> * 
8£©*#140 

[011] **MH©» 1 ©£tU£A<CHfc* » -f V3 2 
CCtelvtP o 1 y-S i y-KD^OEOTtCjfrS 
■J - £^©#140 

[012] *§tW<Dm 1 ©SQSJBJBJCMtoS * 7'3 3 
©EOT iCltfT £ - *Sifc©#140 

[013] *mw<Dm2<DmmBmicmt>z>%mmmt 
[0i4] *§m<Dm i ts&vm 2 ©*6fe^figtcBg*?s * 
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[*f#©tftBjn 

11 SilS 

12 xe* + -> + Jl'S i Jl 
13 

1 5 y- 

2 1 Si 
10 2 2 ^T-^lfffl©ffii^m 

23 

2 4 Siffl bK#> htez> tmm&m 

25 CVD-Hf 0 2 M#>6&SH i gh-Kl 
2 6 P o 1 y - S i ■« fcBT i N/A 1 R»6&i 

2 7 IM^ft^CVD-H f 0,»*»6&*«* 
EftihM 

3 1 S iSfi/S iiWH i gh^KM/ (T i 
N/A 1 At) ©flfcS 

20 3 2 Si Sffi/S i mitm/H i eh- KJK/P o 1 
y - S i ISfcttS i StS/H i ?h-Kl/ (T i N 
/A 1 R) ©#jg 

3 3 Sili/High-Kl/Poly-Si, 
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• Si/SlOj -Iikt/HfOt Uitrato)/Fb£ySi 
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O Si/SjO t -like/H10, {nitroto)/riN/At 
\ 94r37\ 
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[09] 



I-5M7" 3?[ 

O S;/HjOAt-butoudeVTiN/At r „ n , 

O Si/S;Q ,-trk & /rtiQ, ( n ;tmio)/T>N/Ai 

\MT3l\ 

O 5i/Si 3 N A /HJO,Kt-butozid<>VTiN/M I^T 3?l 

O Si/HiOt(t butO£idt)/TiN/AJ 
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